interaction of mantle-derived magmas with subduction-related fluids or crustal material. Although some of the details of petrogenesis of these formations related to the source region of primary magma(s), magma mixing, crustal contamination, etc., are a subject of debate, presented isotope data (e.g. in Salters et al., 1988; Downes et al., 1995; Harangi, 2001 ) document important genetic similarities/relations among the complexes.
No clear pattern has been evidenced regarding the spatial and temporal distribution and especially the time-space relationship of these complexes. This is considerably due to frequent spatial overlaps among these formations, to a (probably inevitable) scatter of radiometric age data, and to the different data-weighting ways of reasoning followed by the researchers (e.g. Póka, 1988; Pécskay et al., 1995; Márton & Pécskay, 1998; Balogh & Pécskay, 2001; Haas et al., 2001; Hámor et al., 2001) which led to various in length and central tendency age intervals attributed to particular complexes. Given the temporal and spatial overlaps, despite the applied (but not totally unambiguous) subdivisions, like acidic and andesitic, or silicic and calc-alkaline, etc., one may want to consider the figuring formations together.
With regard to the common conditions affecting the birth and evolution of magmas parental to these Neogene volcanites, a joint analysis of a statistical amount of data from them may reveal/document important similarities and dissimilarities among them. As in most of the cited references the Miocene volcanic events belong to a more or less separable stage of tectono-magmatic evolution of terrains composing Hungary, the given study focuses on these formations. Relatively little has been said in the literature about the chemical properties of the pyroclastics of these complexes. Hence, the aim of the given study is to provide a basic major-element statistical image of the Miocene pyroclastics in Hungary.
Data
Major element data from pyroclastics are relatively rare, compared to those from effusives, in the literature on the volcanites of Hungary. The most probable cause of this is that many types of pyroclastics _ due to an easier weathering, a sorted or sometimes, on the contrary, an extremely unsorted character, uncertainties with the origin of water contained, etc. _ are thought to be less, or less unambiguously, informative about the magma origin what is usually a major concern of petrologists. Nevertheless, altogether several hundreds of chemical analyses have been produced and presented in publications and technical reports. Fisher & Schmincke (1984) emphasize that petrogenetic implications of this kind of data should not be neglected.
Database
For the given study, major oxide data were selected from the collective petrochemical database of Cenozoic volcanites of Hungary a detailed description of which is given in Ó. . In this database are registered a complete reference of all data sources, the most possible exact location of each sample, ages and lithostratigraphic units of the rocks analyzed, original major element and related chemical data, component values recalculated on a common basis, and some relevant background information. Although in the database the great variety of pyroclastics mentioned above is represented unevenly, the significant number of data is expected to ensure a basic degree of stratigraphic/geologic representativeness.
In principle, comparison of any type/group of pyroclastics with other volcanites might be of interest, hence, selecting even the total set of pyroclastics could be an option. Considering however that rocks described as agglomerates (not necessarily tuffagglomerates but possibly lava-agglomerates) often contain larger lithic fragments causing some ambiguity when sampled, and that even smaller fragments are usually not defined whether they are juvenile, cognate or accidental relative to the given volcanic eruption, agglomerates were not included in the study set of samples here. Generally speaking, rocks named as tuff, welded tuff, ignimbrite and similar were selected, and they are referred to as tuffs in this paper. A rough areal distribution of the volcanic formations containing these tuffs is given in Fig.1 . In terms of lithostratigraphic units (see Császár, 1997 and 
Separating atypical samples
Statistical behavior of data even in the simplest methods might be biased due to atypical values (often called outliers, anomalies, extremes, outside values, etc.) in the data set.
Although definition of atypicality is not obvious and for different purposes different atypicality conditions might reasonably be defined within the same data set, a trimming of data based on the visual analysis of the lower and higher percentiles usually performs well, despite it may be subjective. In Table 1 for each component the most remarkable change(s) in the series of percentiles were searched for. Also verified by general petrochemical experience, the corresponding percentile values were accepted as atypicality thresholds. For SiO 2 both lower and upper thresholds were chosen. In case of MnO, Na 2 O and P 2 O 5 no threshold seemed to be necessarily defined.
All selected samples were checked for atypicality and those having a value outside the threshold at any component were omitted from the work dataset. As a result, 382 tuff and 1259 lava samples were kept for analysis. In all, based on the suggested by these observations uniformness of the given pyroclastics, in the next two sections their whole combined set (all 382 samples) is compared with the effusive members (all 1259 samples) of the same complexes.
Univariate differences between the tuffs and lavas
The investigated formations possess a fundamental hetero- 
Bivariate comparison of the pyroclastics and effusives
Detailed analysis of the bivariate distributions of major oxides would be worth a separate study, especially if one would like to make petrologic conclusions from the numerical correlations of components, as interpretational difficulties with compositional data always generate exciting problems (see e.g. in Pawlowsky-Glahn, 1997). Here, a few selected bivariate scatter plots (Fig.4) 
Bivariate patterns within the tuffs
Observations suggesting a kind of homogeneity of the studied pyroclastics can be further analyzed on bivariate plots made for the set of tuffs alone. On most of such plots a pattern similar to that in Fig.5a can be seen. Probably, more would have the feeling that this point cloud represents a composition series comprising a relatively compact core and a tail, in which the further we are from the core, especially in terms of the SiO 2 content, the more variable the cloud becomes (in terms of the other component). Graphically this can be better visualized if different symbols are used for different parts of the point cloud. In Fig.5b samples are (arbitrarily) divided into three categories: those with SiO 2 67% (crosses) corresponding to the core, those with SiO 2 60% (triangles), and the rest (rectangles). They demonstrate a decreasing variability towards the higher SiO 2 contents.
The same sample groups are plotted with the same symbols in (Fig.7) . Based on the plot with the alkalis, there are samples from which alkalis had been almost entirely leached out, and there are samples with relatively very high contents of total alkali. Even if one ignores these samples and considers only the bulk the pattern is different from the one seen in Fig.5a . There, the acidic varieties formed a more compact group (the core), here the trend seems even inverse: the variance increases towards the more acidic compositions. On the plot with water no trend can be noticed: enrichment in water relative to the lavas (recall Fig.3 ) is characteristic of tuffs in all ranges of silica content. All this may indicate that the alkalis and water had been affected by at least partly different petrologic factors than the other components.
Multivariate homogeneity of the tuffs
A natural sample assemblage is never expected to be completely homogeneous in the multidimensional space of components. It would not be easy to prove any kind of natural homogeneity either. However, the rather continuous character and fair unimodality of distributions observed in one and two D might be considerable indications of a multidimensional homogeneity. It is obvious that a homogeneity can only be relative as within a heterogeneous set (e.g. all types of volcanites) a subset (e.g.
those with acidic compositions) may seem to be homogeneous and, at the same time, have further subsets (e.g. alkaline and subalkaline types).
Considering all this, here the suggested by the above sections relative homogeneity of the tuffs compared to that of lavas is attempted to be elucidated in multivariate space, i.e. considering the major components together. As some of the major oxides
are not given for a number of analyses, 324 tuff samples having was computed for all pairs of samples, and a histogram of all these values was made (Fig 8a) . For a comparison, the same Lajos Ó.KOVÁCS and Gábor P. KOVÁCS similarities of 186 randomly selected lava samples from the Tokaj Formation were calculated and plotted on a histogram (Fig.8b) . The Tokaj Formation is known for its compositional bimodality (see for example Gyarmati, 1977 , or Ó.Kovács & Kovács, 2001 . The difference between the two frequency distributions is evident: that of the tuffs is essentially unimodal while that of the lavas is bimodal which is a rather straightforward demonstration of the more homogeneous (in a sense) character of tuffs, and also that they have a single concise subset (referred to as core above) in multidimensional space.
Discussion
It is clear that the Miocene volcanism in Hungary was so multicolored, yielded so many different types of rock products that any generalization can only help to understand one or several particular aspects of this complex phenomenon. Furthermore, the database used here is only a more or less comprehensive collection of the available chemical data and one can only assume that the samples are roughly representative of the relevant processes and their products. In any case, the above observations are statistical and considered to be substantial, and they have proved to be essentially the same when components recalculated on a H 2 O + -free (or fully volatile-free) basis have been used.
Therefore, a short genetic discussion is presented below.
The given Miocene tuffs and effusives are products of the same series of tectono-magmatically related volcanisms. The statistical behavior of their components, however, are different.
Some of the differences can directly be related to the differences in the volcanic and/or postvolcanic and surficial processes that produced and then affected these rocks. In general, the often higher water content of tuffs is related either to the higher volatile content of magmas prone to explosive (pyroclastic)
eruptions, or to assimilating water during eruption, diagenesis and weathering. In magmas the two most abundant volatiles are water and CO 2 , and they often, although not always, correlate.
As in the given tuffs and lavas the CO 2 -distribution is essentially the same, the higher water content in tuffs, at least part of it, is probably related to the post-magmatic (that is eruptive or later)
stage of their history. Also, as was pointed out above, the statistical distribution of alkalis had been affected by postvolcanic (potassium metasomatism) and surficial (weathering) processes, and the intensity of these processes might have been different (a more expressed Na-leaching in the tuffs, and a stronger potassium metasomatism in some lavas).
Genetic interpretation of a set of presumably related differences, however, would require extension of the database. These are the more acidic and more homogeneous (in terms of a number of components alone, or considered together) character of the tuffs, and the impression that the more acidic the more homogeneous they are. Considering that these rocks spread over a large area and they represent a number of eruptions (in terms of time and eruption centers, even if the latter are not always known), such general effects can only be conceived as shared outcomes of these volcanisms. To investigate whether these effects reflect the general tectono-magmatic situation in the region, or they are due to certain corresponding events of individual volcanisms (e.g. magma chamber processes or other features of magma evolution), trace element and isotope data from all studied formations should also be acquired and analyzed (see e.g. Rollinson, 1993; Faure, 2001) . In any case, the observed homogeneity of tuffs at the level of major elements suggests significant genetic relations.
One might feel that considering these volcanisms together from this aspect is somewhat labored, and suggest conducting a similar investigation within a more coherent volcanic complex.
A relatively limited, compositionally variable and the most densely sampled region is the Tokaj Mts. Interestingly but not surprisingly, calculating and analyzing the statistics used above, essentially the same results can be gained for this region alone.
Based on the entire database however, an attempt to extrapolate the conclusions to the whole set of Miocene tuffs seems to be more challenging.
Conclusions
The major element composition of the Miocene tuffs in Hungary reveals an essential univariate, bivariate and multivariate unimodality, as opposed to the statistical behavior of the corresponding effusives that have a well-known bimodal character.
The tuffs have a significantly higher content of compositional water than the lavas, and a uniformly wide range in the H 2 O + concentration irrespective of the SiO 2 value. Part of the water in tuffs is of magmatic origin, part of it is due to hydration related to conditions after (and possibly during) eruption.
The distribution of Na is similar in both rocktypes. Its histograms reveal a small group of samples from which Na had been diluted out. The only difference between the distributions is that the tuffs have statistically lower (by about 1%) and more scattered values which may be an indication of a generally more intense surface weathering (including plagioclase degradation), possibly due to their higher permeability.
There is a slight discrepancy in the potassium distributions which may incorporate a primary (i.e. related to the magmatic stage) difference, and traces of a potassium metasomatism having been able to better develop in some lavas.
The bivariate distribution of Fe 2 O 3 and FeO provides an estimate (being about 10%) for the maximum of total iron occurring in the magmas parental to these rocks.
Compositional unimodality of the tuffs produced by the represented Miocene volcanisms (no matter how many types of them are assumed) suggests important genetic relations between the formations studied. 
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